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(57) [Stt] 
<*. 

*f&W0*IW*'\y H 1 Ott, flfiftS 
*7 2±fc, Tv-^KS7 4> AB S® 7 6 ICMRHs 
^^7 8 6«»Lfc'J-H*tyyi8 0, ±->-)U 

KltT#-;nt5lfc5*i#-;n i 2RtK7-f 

h*lry^Ji8 4««CO)Hta«an» ABSB76ffi 

6> 3-f;P/^-»i8 8Ri;j8=ftJM?«19 0 3j«C 
©HCSUIStU' ABSB7 6jfi&<D7-f Y*\y-?m 

8 4 ±&cXm-g:M)5ims 9 0 ±fc±#-;m l 4 #qft 

mZnTt2.Z>h<D-C$>Z>. AB SB7 6 t^tt5±^- 

;ni i 4 i 4©^jp*rsiTfe 
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[1ffFH*OttH] 

ABSMlciJ^T, T#-JH, 7-fh 

iWE±#-;Witt» ABSflSKHKriteJM&i. £©5fcSai 

fflBOP^TftsctswufrswiwaAy f. 

[St*fi2] T>J?-;PB±fc5-f h*+y^JI*««Ji 

■4 h^^-y^"B±(C±#-;i/Jl**«H$nT^^, »R 
B&'Vy Ffcfctrvc. 

flflE±#-;Wltt, ABSffiKBKrftJSat, coftSg 
*K»ll^etfLT««;*ft&3-**£jfc5fcD, 

A B S fflJcfe^-5SafB5feSg?©^{t:§af47i^S5fe«S5 
©flUftfcfin?*?), 

absw sninfcffiitowETjS-^HciaajjitRit 

H*#H3] IfiftStfLhfC. T->-;PHS, ABS® 
fcMR*«*?«i*»UfcU--F**v7JI, ±->-;P 

Y^^s*^<DWSic»B$n, ABssfjfi^^i^<Htfie 

"bABSBiJtftflD'WE^'f F** ->ys±(c±*-;PH 

ffiE±#-;Hfte. ABSffitcffitrftSSSt, £©5fc3S 

A B S ASKS*** afflE^8®ttfl&SMtf3ttj^9 
©RJP2rffl-?& 9, 

abs &«nfctt«ottiB*a#-;nucia»*«R 

■3 TME±# - JWi £ MET#-;H t ©IB©* + y 7 

M#fi4] "«IEMR««3lS^*tGMRST»*, If 
#«3E«©«R«ft^y F. 

CH*«5] *IETS/--;PF«j0**A , v*ffiKJ:9fifc 
R$n&t>©-C»3. n2ft£3£tt©!fRB5'\y F. 
[§S#« 6 ] ME±#- JWf ©4>fc < <t <bffiEft«3 

SI, 2Xtt3E*©*R«&'\y F. 
[M#B7] ABSffifc*tf«l»Ejfc»*tt. -*©R 
IS t 4 ZKD^J? t ££i&ft£fli£W£<Z)Hffitf t >Wt 
ftoT^S, R&gl. 2X»i3E*©»R«3'>^ 



F. 

[»*a8] ABSffiK£fr5j»EJfe«»tt^-€-©R 

js 1 1 zomm t csE«:*aBwt©HfR*« t > 3 w 

t&oT^S, W*3il> 2Xtt3E«©»R8«'\y 

F = 

[§9*19] ittEEfl*©ABSiafl!©ai©»«*»AB 
SffilCifiO*<(COnT^<^oT^i>. »*a2X«3 
E«©»R««^y F. 

[M&S 1 0 ] WE»«»fc*»tSlWE3-^W4. 
WE**»©±iBRrWI«iStl»E7'f ^fy/'li 
fc«ttUTt>*. »*B1, 2XB:3E*©»RBft^ 
y F. 

[R$g 1 1 ] St*W 1 . 2 Xtt 3 Ett©«Rfl&'\ 

?F£. amfBii^t, C©matB1g^ttiriH^ 

Ft©WT?ffi»a»*4i;a-&«Kft^ai:s 

tt*.&B5Ett£R. 

[ftftS 1. 2 ] iHEemEWK»© F 7 y *ffifl*l. 2 

SI&Bl l£&©tt£Efik£R. 
[fgWOSMBI&KiJI] 
[0 0 0 1] 

[56w©«"rsfiE«»ip] *fB«tt. 4>yt?7-<{7m 

©MMBft^v F, Rtf cn*ffll>fc«jSE«S«lcH 

[0 0 0 2] 

[a*©Sc«] A- FtVX *««©£*«*© 
±JUcttB**U>fc©a«as. 1990¥£lft©EftftK 
¥*TSK6 OX©«^-C±#r*«fillC« 

S„ A-F5^X?gg©E»&g£faJt$*3l;:«. 
tt&'x? F©F7y^«*»<-r*^tKJ:D, ESfcF 

©[^±©&»tltt, E«bfv F^S©l6)±fcig@Slca 
EfiHfy b®m<Dft±\ZttLT!,-t, &M£tg 
'tt#©t9827 (He) ©tiT^^ST?*^^ iSHcCD 

«aE«iff^©»*a*c:»4E*ii*©ifi[v»'f 

y F*»5©«^*»*J:<*mr»fc*K:tt. MR??£ 
^vFiflH&Btfca. lfe))bT> MRBtAyHM 
>^tV yE»-^y F t*a*^to*fc, MR • -f > 

y^f^sM©iiiiA-v F**w«*E«fc*tt 

[0 0 0 3] B 1 1 tt. «*©»R««'\y Ffc*TW 

[0 0 04] tt*©ffRBA^ v F 7 0 tt, 7 

2±IC. Tv-il'HI7 4, ABS®7 6CMR««* 
f7 8^^bfc'J-F^^-yyS8 0. ±->-;UF® 

*y/m8 4HfiZ.<DmtZWM2tU ABSflB7 6ifi&£ 

abs® 7 6iS.m<Dy-i vzwzrm%4 
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±jkzm-&&mmm8 6±mwzm=mmmmm9 o 

CO 0 0 5] *ii#-;H8 2tt, MRPI^-^y KOff 

ffi&^v K©T#-;WIi®8ffl**fa-a».5. MR® 
8te> ABSS7 6T»GlT3B*Ufc^»» 
EMfc**»6©fl|fia#S*HiT*. h^-y^H 
8 4(OR0 tt, -f y¥^=rA TEfik^y K©*-V 
fe<5. tB-S^»mW8 6tt3-f ^^->H8 8©& 

8 8 ©ODfiifcflHHT*. ABSI7 6ifi^Cfett^^-f 
h=Fty^l8 4 ±©»-ftfa»iltJi 8 6 ©ft<,>gB# 

Efith7y?«lHU ±#-;WI 9 2 ©5feS*iW 

(H**f) £J:Q&j££tt&. sfcssewtri, 

±#— ;H19 2©ABSffi7 6 fc*5tt-50ffi 
tcHil;^:^|R]T©i|i©C:tTSt), 023?fc;^£ftT^ 

[0006] mmmmmmmmmiiz&tbztztbiz 

tt. y D S 1 m mggOTtC/hS < T&&£ 
**<&*. KE***fc*fi6T*fcafctt» 

«tt*t»36«iMiw*»t>±#-;n 9 2 £5i§?T££ t 

WTfti. Eftftft (ttttREftftft) *» 

<Kfc*£E*»£©x-*<K2ll'--h l brt<fc*© 
TT. ffiftdneft#£©Bft^y HlcttftaEftflBfttf& 

[0 0 0 7] 

[»W#*lftU«fc3iT*MB] *-©R»;JU 
^*SDR^ifeSWBW*«Hftrt-Sfc»6©, -hfr&A* 

■BT4. 

[0 0 0 8] &B&*iry:7«SD£#ja6rSfcafc 
tt> ^ir y D £&£T3fg-g:Sfl?f8Jf 8 
ABS17 6«Ka»&DaHfiS-&Jft«tntf!6:&air>. 
©&», ^©SIIM&'v.y H 7 Otli, ±#-;Hf 9 
2 ft 7 U-A ;* y *j*T?»jStr<5fc*© WJ7> Y7V- 
A/1^-> (0^-ttT) S»Jf3ET*t*K:, #©£?& 

[0 0 0 9] $-ltMflFffiJI8 6> zi-i)W\*->m8 

8 atfjg=ass#»H 9 o arnxmrn snfc«, i/yx 

h7k-A/^->*SM$^. £©iS, ftWElC 
*V>T, 7-f 8 4 9 Oi 

©WK:f***&§Mfc&«*i;-o>5. ^©fc*, 5fc»8Bf;: 

JsttSl/vT. h7l^-A;i^->©Uv7. hgW*»W*. 
(il0Mm^±l:&5OT, IBW«*->S»l|fi#j£T 
*R©«*jWrFT*. $&. JB-a«*WJi8 6&tf 

9, k^Xh7l/-A/^->0ABSI7 6ifi$»CT 
-A--ggtt*t£i;^T^. 



[0010] *©IS*. ±#-;Hf 9 2 ©5te3$gB£Pf& 

■rsfc*©ps?x h7i/-A^^->fi, 
[ooii] ^©watt, j^«w©««bTfcto-& 

TU*3j&T**. «TKBL< SMUTS. 

[0 0 12] 01211 ttttt9R©«EWiS$^TRiH 
0T&5„ B13tt. BttftB£©^¥©Hftfttt$tt 

^iti^77t$5. «T. 01 1MH1 3l;io*t 
R9ITS. 

[0013] fflUB&Ay H 7 0 ©Eik*HS/W±#tt 
(Dmfcfkfcgte. -€-©E»*-;wsiK»«K:^:#<|fe# 
T*. 01 2ir^T«t5tc, ^-h«©«tt*Bli 0 0 

(Dmmmte. m&mm 100 ©ba&sm 102 ©tjisj 
^a»*6wm*nsm^«if-i 1 owTj^ttcto 
*#<afcb*. BttWRi 0 ort©aiE:«jg«, fi&ft^ 

114102 fcTfrfcaflaErfcl 10 4a £#T5J8K 1 0 
6 a4t*agft&£&, Bft&AMl 0 2 fcSjtfcBflsEr 
fa 1 0 4 b £:£T£H&^#©fi&E 1 0 6 btfmg. 1 0 
6atiwn:ti:j:0. BttJMl/t*>©j«Bfc» 

©BE 10 6a, 106 b©4tJWttK 1 0 8T&&. 
[0 0 14] 012 [1] (c^Tct^t. «ft$AMl 

0 2i«*HBJM i o t*«ififfT*»^* runaBWfc* 
-Kl 012 C2) fcjRTJ:?*:. ttfcgJMt 

1 o 2 tflra«jM i o ttf¥ft-?&z®€i* mm® 

Wi^-Y\ tup. 013£^Tck3lc. 0fi»kt- 

h wm^m^- k «t o t> amis tt*^ 2 ffigs^ff 
[ooi5] znzfcmisT. ft&oimwimn.'w h 

tt» C. D.Mee S RD.Danielg, MacGraw Hilia^fT©'M 
agnetic Recording Technology, 2nd Edition (1996^ 
*ff) ' ©Fig. 6. 29 (p. 6. 34) Rtf Fig. 6. 30 (p. 6. 35) fc* 

«jift t § ± 5 fCJg^^ ns. 

[0016] 014 tt&MnmfBB&^y b*©JKK^jg 
**T'KWH"C*0, 014 [1] 3j*3PfflH. 014 

C2). *«jEiBBTr**. 01 5tt«5h5y^K:l/fc«^ 
©a*©*iKBffll^y K©«K«JB**T1IH8HT* 
K>, 01 5 CD 3ft«¥ffiH» 01 5 £2) *tjEiiHT* 

So fiiT, 0ii, 01 4sot0 1 5 \zm-3%®mt 

[0017] 014 fC^Tct *Rttft'\y F 7 0 

Kl*»r»T. *ii#-;U®8 2&IK±^-;H9 2©fiSK 
fi?jg«, 1 0£Bft«attl 0 2*ijtfrTS 
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[0 0 18] LfrLfcWZ. El 5fl^Ti;5(^ E& 
h7-yi7tS*Vh$<^^>t. ±#-;HI9 2©5fcS8BT 

Ml 0 2jWI*HBJH 1 OfcSETftoT'b, OWbtirt 
*>SBiaK:»^fcE«K:fc5. Z<D±tf~-)VM 9 2 ©ft 

*s©ttE«tifi?& ffi^s&# 1 1 o t»-r*«fto* 

[0 0 19] 

[f£BJ!©@W] *5SW©B»tt. HthJytrit 

fc«fc*KWtt«^©*fc&«<££fc<. 3 
DR^*«W**flEA<W|{tr*^tOT**»Bt 

[0 0 2 0] 

^•lt, i9E±Jl?-;wi35«ABSffiK:Brtj5fessat;:o 

SB»©RAR&filK:&oTV>*. ±#-JWI ©**»©« 

[0 0 2 1] 9t$£2ES©*llftBg^y Htt, ~F#- 

; Wt * - > Bfttf JB=fiHMWB«j8» £ ©ft KttJf $ 
4>fc<£%>ABS®ifi»©ffiE9'f h*^y7Jl±K± 

#-;m*««jisnT** i b©T»*. ^lt. we± 

[0 0 2 2] ¥*?:/«att, ABSBW* 
iBJB©5fe«3^©e*C±oTS£Sn5©Ttt&<, 
AB Sffi*»SH»©a*T©re«fc«fcoT8j££n<&. 

T. ±#-;PH©ffcSSSfflfi£»<-CSS. £©*§£» 



[0023] a}&33Ett©;f bs&a? 
«±c. t^-;h«ji, ABsiCMRiitf^ 

*fa*#a#-;wji;fttf7-f h*w^Ji**i©)ik:tt 

■ Sft. ABSiBiS«*l»<ME7-f h^ryyjB± 

««««C©WCS[JISn, '>&<£*>ABSiSifi#©iiff 

©T&£. ^LT, WE±#-;H*»ABSiBK:*trft 

tfr&fctK ABSiB(C*»t*WE5fe«*©»ft«Fiitt 
3&»SttjfeSB*©W»*lR|-C*i), ABSiftfc&IWlfcffi 
■©«E*a#--«'JIfclHl«»»K»t6n, £©ElBk:# 
«tt#*«*«Sn, £©EI«lcJ:oTJME±>l?-;i>JI£ 

WET^-^st©w©^^ y y«s«tajgsnT^ 

*. »*3H3E*©*W9at^y Htt, MR 

fc, mr • -f yypy-j •jm&MommMfs.'w ft* 

[0 0 2 4] iS#S4 7SSl OEfcOWRK&^v F 
tt, M&Sl, 2Xtt3E«©»K«a^y 
T, *JSK*©-afcH£L&<b©T?*S. 91^9 1 1 
Xttl 2ES©B£E1ft&1E& MSI. 2XB3E 

[0 0 2 5] gf&^EttaftKO^y Ftt» 
3fi*©«R«S['\:y Ftci5t,vt\ SWEMRSBaaiH^ 
GMRItfeL. GMRffiBX?©lHftj&tt. 09*.tf» 
Tv-^KBdJ^STaOnm). NiFe(8nm), CoFe(lnm), C 
u(2. 5nm), CoFe(3nm), NiMn(30nm) uCMRi 
BftffittttMK) 5 % tt¥*©MR^68^^© 
««fitftit©»2«-C*0» *F 5 ****«©??£« 

[0 0 2 6] tt*3l5E*©*ltBft^? Ftt, M&fl 
3E«©»BBB»t^y FtC*3HT, WET->-;i/Flf # 
^y^ttlc.fcOjaaitSftfc*)©'?**. HAtf, T-> 

350 "CT?ft*ttf*-MSJ|t*TJIMaa*l/, b^S^^T 

ft*. ^©fc«6tc, -toifcttttaMRsaaH'cfttt 

*m»tft5o 

[0027] n«^6E«©3iRa^^!y h*«> mxm 

l, 2Xtt3EK©*BB»»^yHk:*t»T. ^E±^ 
-^JB©^&<t"btttE3t«a»«, 1. 6 

T£U:©^^&ftd. ^©ck^ft^tt. m 

tcfcO. E»h7y*tt^<&S££K:«k-53fi£E» 
«*©«'>*»«-r5J:t3&»^riEt!ftO. »h7?»^E 
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[0028] i . 2 xti 3 B&©MRa&'sy h 

mmm^ y h* t« t > w. 8 fsKo^nmM^ 

rtgKcDR^#©Hfc J; 3 0«^tt*^J5*l^ \Z 5 
[0 0 2 9] 

mmmmzmmTz. fetch. iai;*ux, 
\am-nnztt-?ztth, cntj: ombres* 

[0 0 3 0 ] 0 1 Rtf0 2 l**%n£tt&Jf Ktt&'Sy 
F©»-*M&1B 01«0 2IC*3 

»t* I - I Il$l&rffi0> 0 2 tt-«S*l»L&#HIH-C 

[0031] 4&mm&<?>nim&^y k i o«, »r 

S«7 2±£, T>>— ;H*H-7 4, ABSBB7 6 fCMR 
««*?7 8fc*»LfcU-F**v:7JI8 0, ±->- 

^HS<hT#-;pa<t^**a^*a#-;i.s i 2suf7 

-f ^^718 4didO)S(caH$n, ABSS76 
iE»ft«K7'f ^t7yi8 4±C. g-gtgftffll 
8 6, zr( )W1?->m 8 8 9 Otf 

CCJRfcflWSn, ABSI7 6fi§07-f h^ty^ 
« 8 4 ±ATfK=W£MmM 9 0 ±K:±#-;Hf 1 4 tf» 
SMSftTft*'"*)©-?**. ABSB7 6*»6 

mftfii®*j#-*ii 2 fcposKi 6«tR»t&n, 
ih»i 6ic*«tt#i 8****sn, eo»i 6t:j:oT 
±#-;n 1 4 t#a#-;wi i 2 1 ©ra©** >v -fu 

[0 0 3 2] MRSlif 7 8, Ty-^HI7 4, U 

Bl29k:J:r). MRBt^^H^Msnti^. T 
*-;i-sttT©*a#-^jii 2. ^-f h^^ y^H 
8 4, m~&mffimm8 6. a^)w^->mss. ts 
-®mmmm9o. ±*-;mi 4mz£9, -r>^ 

a. T««)*a#— jwb 121 £±«©#a#— ;wb 1 

BflSSl 6iSoTl>5„ ±#-;Hl4lt ABSI7 

6 iceitj^gg 1 4it, 5t^i 4 ltcg^rrsa- 

^«14 2i*6i45. ftSSSBl 4 1 £3—2781 4 2 

t tt, 1/ >?X h A> £ & 1 8 d^ataftii * 

*a#-JPHl 2 2 ©*jg 1 8© 



-JI/Jl l 2 fctt, &faGB3fc®g (B s ) ifiir 4 ~ 2 . 

lTffl^BsWSfflsnn^. 

[0 0 3 3] ^y^BUEDtt. ABSiB7 6i»5I- 

wcmMmms 6©^*T©sgit(cj;oTffis$n^© 

Ttt&<, ABSiii7 6A»6ia«l 6©ffl*T©EKK: 

T©*a#-;ujii 2K:»jatsns. *■©*:«>, h«i 
xf-7i/-A/^-> (h**T) «. 8-aiMHHa 

8 6 Stf £nft!HH8H 9 0 S A B S ffi 7 6 A» 

[0034] #a#-^a 1 2 ©wusam 1 2 a«, 

ffl^a^ 1 1 0 \znnmzmw.-e&z>. 9&m 1 4 1 © 

Wbgftttl 4 1 A«, &KfticlRJP:#fd] (EPSfi&ffil 
Slc^B) l:fffTife5. a-£»8i 4 2©flBfl&AM 
142AI1 iH4HiBftT{t*t«B# 1 1 0 fcSBT* 
5fcSSB 1 4 1 ©0IJP t tflsSWIWitt. t >W©M 

[0 0 3 5] 03 75S0 5 tt, 01 ©ffMBft^y H© 
H*#8©— «**"rW®BT?*<5. H©#r®0fi> 0 
1 &K8ft^y H©E» h 7 v ^««*>4«T?« 

*rtrct)©T*5„ £©B®fc£rJS, 01©» 

WB»^s/ H©«a*j£ftK9)i-r-6. 
[0 0 3 6] ^P-fe7;(a) -03 (a) 
*f, X7-fy#8t!i5A 1 2 O3 -T i Ct75-v 

zmmzA 1 2 o 3 «M&Kt?fc!fift£fi;7 2±tc, 

^T, »3^*ISTW^©W^h/1^->*»j« 

a7 4s/5/*ttT»jfjrr<5. ±<D*y*mg&\-t„ t 

->-;P HS 7 4 ©m{b§^«i*«SF*g-cM^^#^^B 
£^:-5J;3tC, 2 0 SSKlOO Oe© 

*Sh?B63tb. N i FeTlIS K7-fX^f>^T 

©dasRtfl»**t;K:u^M8s*©ia«, t':Tt» 

KJPl 0 0nm©A 1 2 O3 *^^S'J— K^-f y^S 
8 0©T«aSX/^y^ffiTriaBU flS^Ettii#<l:Q 

®^«»s«m-r*MRtfMs)« L 7 8*»(tr*. & 

i5, MRiSff 7 8(i, CoZ rMo (20nm)/ Ta (1 
5nm)/ N i F e (20nm) ©HS«|jg^6i4-5y7 h • 7v 
i-ft>h- HtMR^TJ&5. ^¥8 0 

nm©A 1 2 O3 A^^-S'J— h*^+-y yjf8 0©±{ffl 

[0 0 3 7] ^D-fe7;(b) -03 (b) 
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g£tttt4fi&# 2 0 ZQimhTS < . 
[0 0 3 8] ^n-feXte) "03 (c) 

yyg?£D£&?£TS¥B«fc£mK©[H]gBl 6 £ 
JM-fSfca&tC, &»©l^Xh/t*->£gft§I|gsI 
ITMU 111. 5/imONiFe^7+l*^)i 
5±<M©#S*-JHi 1 2 2 2r/^+ST«T^. £ 

2 o$raiinLT*<. *v*mT&. ^©i^xb/s 

[0 0 3 9] 7"a-te;Ud) -04 (d) 
G3S&1 6<DffiMzUi?Zbfr*>K.Z>#m&&l 8£«i& 
#ffl#-;Uf 1 2 2 © 1 . 5 «©!£»© 1/ 

-7>x\t*y hzfu-hzm^i 0 0~1 2 ox;*^ 

5 0~2 7 0t:avs>3 OftTfmitZ&Z. £©P#,£ 
12 2 ©±gB.h 1/yX h©±g&<h«, 

[0 0 4 0] -7u±X(e) --04(e) 
mm3 5 0 nrafflA 1 2 0 3 ffir^X/ty^ftT^STrS 
ZliifcckO, 7-f^t7yi8 4*Mt5. 

[0 0 4 1] 7*D-feX(f) -04 (f) 
I)|4(imi!iOh7'^le (ftSilgW) 1.2 (jm©i# 
-JUll 4£*gl-f3fcJeK NiFe/yW^S 
ftSjggBl 4 l£:7U-A*y*ffifCj;D»r3o £© 
*y*fi£l!$£*K> llfflt£8tt££#ttf*4&#2 2*m 

500 oewjni-rs^t^cko, ftsgg&i 4 i<Dmit®%m 
zmmzmm\zMf$.-rz>. 

[0 042] ya-feT. (gj -0 5 (g) 

tt^T, t-^>XH*7 0 0~ 1 2 0 

tflo 3 0 #©H»$&ffitC<k 0 h- $ <E> 
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PROBLEM TO BE SOLVED: To prevent degradation of 
high frequency characteristics attendant with narrowing 
of a track. 

SOLUTION: A thin film magnetic head 10 is constituted 
by laminating a lower shielding layer 74, a read gap layer 
80 holding a MR magnetic sensitive element 78 between 
ABS surfaces 76, a common pole layer 12 serving both 
as an upper shielding layer and a lower pole layer and a 
write gap layer 84 in this order on an insulating substrate 
72, laminating a first level difference dissolving layer 86, 
a coil pattern layer 88 and a second level difference 
dissolving layer 90 in this order on the write gap layer 84 
except the vicinity of the ABS surface 76 and laminating 
an upper pole layer 14 on the write gap layer 84 near the 
ABS surface 76 and the second level difference 
dissolving layer 90. Thereby the easily-magnetized axis 
of the upper pole layer 14 on the ABS surface 76 is in 
the film thickness direction of the upper pole layer 1 4 
and the high frequency characteristics of magnetization 
rotation mode is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the thin film magnetic head which consists of a point which faces an above top 
pole layer a ABS side in the thin film magnetic head to which it comes to carry out the 
laminating of a lower pole layer, a light gap layer, and the upper pole layer one by one in a ABS 
side, and the yoke section connected to this point through the connection, and is characterized 
by the easy axis of the aforementioned point in a ABS side being the direction of thickness of 
the point concerned. 

[Claim 2] It has the following and the easy axis of the aforementioned point in a ABS side is the 
direction of thickness of the point concerned. A crevice is established in the bottom pole layer 
of the above of the position distant from the ABS side, and this crevice is filled up with non- 
magnetic material. The depth of gap between an above top pole layer and the bottom pole layer 
of the above is specified by this crevice. The laminating of the light gap layer is carried out on 
the lower pole layer characterized by things, and on the aforementioned light gap [ near the ABS 
side ] layer the [ a first-stage difference dissolution layer, a coil pattern layer, and ] — the thin 
film magnetic head which the laminating of the 2 level-difference dissolution layer is carried out 
to this order, and comes to carry out the laminating of the upper pole layer on the 
aforementioned light gap layer near the ABS side at least An above top pole layer is a point 
which faces a ABS side. The yoke section connected to this point through the connection 
[Claim 3] It has the following and the easy axis of the aforementioned point in a ABS side is the 
direction of thickness of the point concerned. A crevice is established in the aforementioned 
common pole layer of the position distant from the ABS side, and this crevice is filled up with 
non-magnetic material. The depth of gap between an above top pole layer and the bottom pole 
layer of the above is specified by this crevice. The lead gap layer which pinched the lower shield 
layer on the insulating substrate characterized by things, and pinched MR magnetosensitive 
element to the ABS side, The laminating of the common pole layer and light gap layer which 
serve both as an upper shield layer and a lower pole layer is carried out to this order, the 
aforementioned light gap layer [ near the ABS side ] top — the / a first-stage difference 
dissolution layer, a coil pattern layer, and / — the thin film magnetic head which the laminating 
of the 2 level-difference dissolution layer is carried out to this order, and comes to carry out the 
laminating of the upper pole layer on the aforementioned light gap layer near the ABS side at 
least An above top pole layer is a point which faces a ABS side. The yoke section connected to 
this point through the connection 

[Claim 4] The thin film magnetic head according to claim 3 whose aforementioned MR 
magnetosensitive element is a GMR type. 

[Claim 5] The thin film magnetic head according to claim 3 by which a shield-under the above 
layer is formed by the spatter. 

[Claim 6] The aforementioned point at least is the thin film magnetic head of an above top pole 
layer according to claim 1 , 2, or 3 which saturation magnetic flux density becomes from the 
material beyond 1 .6T. 

[Claim 7] The aforementioned point in a ABS side is the thin film magnetic head according to 
claim 1, 2, or 3 which the relation to t>W with the nose-of-cam width of face W perpendicular to 



the Thickness t and this thickness t has become. 

[Claim 8] The aforementioned point in a ABS side is the thin film magnetic head according to 
claim 1 , 2, or 3 which the relation to t>3W with the nose-of-cam width of face W perpendicular 
to the Thickness t and this thickness t has become. 

[Claim 9] The thin film magnetic head according to claim 2 or 3 which is narrow as the 
configuration of the deep pool by the side of the ABS side of the aforementioned crevice 
approaches a ABS side. 

[Claim 10] The aforementioned yoke section in the aforementioned connection is the thin film 
magnetic head according to claim 1 , 2 t or 3 in contact with the upper surface of the 
aforementioned point and the both-sides side, and the aforementioned light gap layer. 
[Claim 11] Magnetic storage equipped with the driving means which produce relative motion 
between the thin film magnetic head according to claim 1, 2, or 3, a magnetic storage medium, 
and this magnetic storage medium and the aforementioned thin film magnetic head. 
[Claim 12] The width of recording track of the aforementioned magnetic storage medium is 1.2. 
Magnetic recording medium according to claim 1 1 which is below mum. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.#### shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thin film magnetic 

head of an inductive mold, and the magnetic storage which used this. 

[0002] 

[Description of the Prior Art] In recent years, there is a remarkable thing in elevation of the 
recording density of a hard disk drive unit When the recording density in 1 990 and afterwards is 
seen, it is in the inclination to go up at about 60% of a rate by the annual rate. In order to raise 
the recording density of a hard disk drive unit, it is necessary to raise recording track density by 
narrowing the width of recording track of the magnetic head. Furthermore, for improvement in 
recording density, improvement in record bit density is also important to the same extent. To 
improvement in record bit density, although the coercive force (He) of a magnetic storage 
medium needs to be increased, the high inductive recording head of record capacity is needed 
for the writing to the magnetic storage medium of high He. Furthermore, in order to detect the 
signal from a minute record bit efficiently, MR reproducing head is needed. Therefore, the thin 
film magnetic head of the MR and the inductive compound die which combined MR reproducing 
head and the inductive recording head is promising to high-density record. 
[0003] Drawing 1 1 is the cross section showing the conventional thin film magnetic head. 
Hereafter, it explains based on this drawing. 

[0004] The laminating of the common pole layer 82 and the light gap layer 84 which serve both 
as the lead gap layer 80 and upper shield layer to which the conventional thin film magnetic head 
70 pinched the lower shield layer 74 on the insulating substrate 72, and pinched the MR 
magnetosensitive element 78 to the ABS side 76, and a lower pole layer is carried out to this 
order. The laminating of the 2 level-difference dissolution layer 90 is carried out to this order, 
the light gap layer 84 top except about 76 ABS side — the [ the first-stage difference 
dissolution layer 86, the coil pattern layer 88, and ] — It comes to carry out the laminating of 
the upper pole layer 92 to the light gap layer 84 top of about 76 ABS side, and the first-stage 
difference dissolution layer 86 top list on the second level difference dissolution layer 90. 
[0005] The common pole layer 82 serves as the role of the upper shield layer which raises the 
re-biodegradation ability of MR reproducing head, and the lower pole layer of an inductive 
recording head. The MR magnetosensitive element 78 detects the signal magnetic field from the 
magnetic storage medium which counters in respect of [ 76 ] ABS and which is not illustrated. 
The thickness of the light gap layer 84 serves as a gap of an inductive recording head. The first- 
stage difference dissolution layer 86 serves as an insulating foundation of the coil pattern layer 
88, and the second level difference dissolution layer 90 cancels the irregularity of the coil 
pattern layer 88. The portion without the first-stage difference dissolution layer 86 on the light 
gap layer 84 in about 76 ABS side specifies depth-of-gap D of an inductive recording head. 
Recording track width of face is determined by the nose-of-cam width of face W of the upper 
pole layer 92 (not shown). In addition, it is the thing of the width of face in a direction 
perpendicular to the drawing in the ABS side 76 (point) of the upper pole layer 92, and is 
indicated in drawing 2 etc. as the nose-of-cam width of face W. 



[0006] In order to heighten the record capacity at the time of high-density record, it is 
necessary to make depth-of-gap D^malUo^ahaut^ micrometer or less. Moreover, in order to 
correspond to high recording densityTit is required to realize the upper pole layer 92 with the 
narrowest possible nose-of-cam width of face W. Furthermore, since the data transfer rate of 
record reproduction will also become high if recording density (especially track recording density) 
becomes high, high-speed record capacity is needed for the magnetic head dealing with high- 
density record. 
[0007] 

[Problem(s) to be Solved by the Invention] The first technical problem is the point that sufficient 
pattern precision for making detailed depth-ol^gap D and nose-of-cam width of face W is not 
acquired. It explains in detail below. 

[0008] In order to form required depth-of^gap D, you have to carry out remarkable approach of 
the first-stage difference dissolution layer 86 which specifies depth-of-gap D at the ABS side 
76 side. Therefore, in the conventional thin film magnetic head 70, when forming the resist frame 
pattern (not shown) for forming the upper pole layer 92 with frame plating, there were the 
following problems. 

[0009] The first-stage difference dissolution layer 86 and after reaching coil pattern layer 88 and 
carrying out the laminating of the second level difference dissolution layer 90 one by one, a 
resist frame pattern is formed. At this time, the big level difference has arisen in the point 
between the light gap layer 84 and the second level difference dissolution layer 90. Therefore, 
since the resist thickness of the resist frame pattern in a point is set to 10 micrometers or 
more, the precision at the time of carrying out exposure formation of the narrow pattern falls. 
Moreover, the nose-of-cam side of the first-stage difference dissolution layer 86 and the first- 
stage difference dissolution layer 90 is a curved-surface configuration. Therefore, when the light 
at the time of exposure reflects in the curved surface, it is easy to produce exaggerated 
exposure in about 76 ABS side of a resist frame pattern. 

[0010] Consequently, as for the resist frame pattern for forming the point of the upper pole layer 
92, a *# truck pattern is no longer obtained by large thickness and partial exaggerated exposure. 
Therefore, if it is going to obtain required depth-of-gap D, it will be hard coming to obtain the 
required nose-of-cam width of face W. 

[0011] Supposing the second technical problem realizes detailedHzation of the nose-of-cam 
width of face W r i.e., the formation of a truck, it is the point that a RF property deteriorates. It 
explains in detail below. 

[0012] Drawing 1 2 is explanatory drawing showing the magnetic-domain structure of a magnetic 
thin film. Drawing 13 is a graph which shows the frequency dependence of the permeability of a 
magnetic thin film. Hereafter, it explains based on drawing 1 1 or drawing 13 . 
[0013] It depends for the frequency response of the recording characteristic/reproducing 
characteristics of the thin film magnetic head 70 on the record pole magnetic-domain 
configuration greatly. As shown in drawing 12 , the permeability of the sheet-like magnetic thin 
film 100 changes a lot by the direction of the easy axis 102 of a magnetic thin film 100, and the 
direction of the signal magnetic field 110 impressed from the outside. The magnetic-domain 
structure in a magnetic thin film 100 is the reflux magnetic-domain structure out of which a 
magnetic field does not come to #### of a magnetic-thin-film pattern, when magnetic-domain 
106a which has magnetization direction 104a parallel to an easy axis 102 occupies most and 
triangle-like magnetic-domain 106b which has magnetization direction 104b perpendicular to an 
easy axis 102 adjoins magnetic-domain 106a. The boundary of each magnetic domain 106a and 
106b is a magnetic domain wall 108. 

[0014] As shown in drawing 12 [1], the case where an easy axis 102 and the signal magnetic field 
110 go direct is called "rotation magnetization mode." As shown in drawing 12 [2], the case 
where an easy axis 102 and the signal magnetic field 110 are parallel is called "magnetic- 
domain-wall move mode." As shown in drawing 13 , about 2 figures of a RF property are 
[ rotation magnetization mode ] better than the magnetic-domain-wall move mode. This depends 
the rotational speed of magnetization on it being quicker than the traverse speed of a magnetic 
domain wall 2-3 figures. 



[0015] this — being reflected — the conventional thin film magnetic head — Fig.6.29 (p. 6.34) of 
"Magnetic Recording Technology, 2nd Edition" of the volume on C.D.Mee & E.D.Daniel, and 
MacGraw Hill issue — and — Fig.6.30 (p. 6.35) It is formed so that the magnetic-domain 
structure which has a magnetic anisotropy perpendicular to the magnetic-domain structure 
shown, i.e., a signal magnetic field, and has magnetization perpendicular to a signal magnetic field 
at the record pole nose of cam may be taken. [ ( 

[0016] Drawing 14 is explanatory drawing showing the magnetic-domain structure of the 
conventional thin film magnetic head, drawing 14 [1] is a plan and drawing 14 [2] is front view. 
D rawing 15 is explanatory drawing showing the magnetic-domain structure of the conventional 
thin film magnetic head at the time of making it a truck, drawing 1 5 [1] is a plan and drawing 
1_5 [2] is front view. Hereafter, it explains based on drawing 1 1 , drawing 14 , and drawing 15 . 
[0017] As shown in drawing 14 , in the thin film magnetic head 70, the magnetic-domain 
structure of the common pole layer 82 and the upper pole layer 92 is formed so that an easy 
axis 102 may go to the signal magnetic field 110 direct. This has realized rotation magnetization 
mode. 

[0018] However, by the point of the upper pole layer 92, if recording track width of face becomes 
small as shown in drawing 15 , in order to prevent the increase of an anti-magnetic field of 
pattern ##**, even if an easy axis 102 is perpendicular to the signal magnetic field 110, 
magnetization will become arrangement in alignment with pattern Besides, with the 
magnetic-domain structure of the point of the pole layer 92, since the response of the 
magnetization to the signal magnetic field 110 serves as the magnetic-domain-wall move mode, 
a RF property deteriorates. 
[0019] 

[Objects of the Invention] Then, the purpose of this invention is to offer the thin film magnetic 
head which can make detailed depth-of-gap D and nose-of-cam width of face W with a 
sufficient precision, and the magnetic storage using this, without causing degradation of the RF 
property by the formation of a truck. 
[0020] 

[Means for Solving the Problem] In a ABS side, as for the thin film magnetic head concerning 
this invention, it comes to carry out the laminating of a lower pole layer, a light gap layer, and the 
upper pole layer one by one. And an above top pole layer consists of the yoke section connected 
to the point which faces a ABS side, and this point through the connection, and the easy axis of 
the aforementioned point in a ABS side has become in the direction of thickness of the point 
concerned. Since the easy axis of the point of an upper pole layer is the direction of thickness of 
a point, it becomes perpendicular to a signal magnetic field. Therefore, the frequency response at 
the time of record serves as magnetization rotation mode. 

[0021] the aforementioned light gap layer [ as for the thin film magnetic head according to claim 
2, the laminating of the light gap layer is carried out on a lower pole layer, and / near the ABS 
side ] top — the / a first-stage difference dissolution layer, a coil pattern layer, and / — the 
laminating of the 2 level-difference dissolution layer is carried out to this order, and it comes to 
carry out the laminating of the upper pole layer on the aforementioned light gap layer near the 
ABS side at least And an above top pole layer consists of the yoke section connected to the 
point which faces a ABS side, and this point through the connection, the easy axis of the 
aforementioned point in a ABS side is the direction of thickness of the point concerned, a 
crevice is established in the bottom pole layer of the above of the position distant from the ABS 
side, this crevice is filled up with non-magnetic material, and the depth of gap between an above 
top pole layer and the bottom pole layer of the above is specified by this 
[0022] The depth of gap is prescribed by the distance from a ABS side to the deep pool of a 
crevice rather than is prescribed by the distance from a ABS side to the nose of cam of a first- 
stage difference dissolution layer. Since a crevice is formed in a flat lower pole layer, the trouble 
in the photolithography technology for forming a crevice is not produced. Moreover, since the 
resist frame pattern for forming the point of an upper pole layer can fully separate a first-stage 
difference dissolution layer from a ABS side, thickness does not become large or it does not 
become exaggerated exposure. Therefore, width of face of the point of an upper pole layer can 



be narrowed. Even if it narrows this width of face, the frequency response at the time of record 
serves as magnetization rotation mode for the above-mentioned reason. 

[0023] The lead gap layer to which the thin film magnetic head according to claim 3 pinched the 
lower shield layer on the insulating substrate, and pinched MR magnetosensitive element to the 
ABS side, The laminating of the common pole layer and light gap layer which serve both as an 
upper shield layer and a lower pole layer is carried out to this order, the aforementioned light gap 
layer [ near the ABS side ] top — the / a first-stage difference dissolution layer, a coil pattern 
layer, and / — the laminating of the 2 level-difference dissolution layer is carried out to this 
order, and it comes to carry out the laminating of the upper pole layer on the aforementioned 
light gap layer near the ABS side at least And an above top pole layer consists of the yoke 
section connected to the point which faces a ABS side, and this point through the connection, 
the easy axis of the aforementioned point in a ABS side is the direction of thickness of the point 
concerned, a crevice is established in the aforementioned common pole layer of the position 
distant from the ABS side, this crevice is filled up with non-magnetic material, and the depth of 
gap between an above top pole layer and the bottom pole layer of the above is specified by this 
crevice. That is, the thin film magnetic head according to claim 3 is the thin film magnetic head 
of the MR and the inductive compound die which combined MR reproducing head and the 
inductive recording head. 

[0024] The thin film magnetic head according to claim 4 to 10 limits a part of component in the 
thin film magnetic head according to claim 1 , 2, or 3. The thin film magnetic head according to 
claim 1, 2, or 3 is used for magnetic storage according to claim 11 or 12. 
[0025] In the thin film magnetic head according to claim 3, the aforementioned MR 
magnetosensitive element of the thin film magnetic head according to claim 4 is a GMR type, the 
film composition of a GMR magnetosensitive element — for example, a lower shield layer side to 
Ta (3nm), NiFe (8nm), CoFe (1nm), Cu (2.5nm), CoFe (3nm) P and NiMn (30nm) it is . A magnetic- 
reluctance ratio is twice [ about ] the magnetic-reluctance ratio of about 5% and the 
conventional MR magnetosensitive element, and this MR magnetosensitive element has become 
what was suitable as the reproduction magnetic head of ** truck high density. 
[0026] As for the thin film magnetic head according to claim 5, a shield-under the above layer is 
formed by the spatter in the thin film magnetic head according to claim 3. For example, a lower 
shield layer carries out spatter membrane formation of the amorphous CoTaMo, heat-treats in 
an anisotropy grant magnetic field by 350 ## after film formation, and forms a lower shield 
pattern configuration in after an appropriate time by ion milling. The diameter of crystal grain 
becomes it is small and smooth from the front face of the NiFe film which the front face 
produced with plating as a lower shield layer is a spatter film. Therefore, the property of MR 
magnetosensitive element established on it becomes good. 

[0027] In the thin film magnetic head according to claim 1, 2, or 3, even if there are few above 
top pole layers, as for the thin film magnetic head according to claim 6, the aforementioned point 
consists of material beyond saturation-magnetic-flux-density 1 .6T. Such a material is a CoFeNi 
system material whose saturation magnetic flux density is more than 1.8T. Recording track width 
of face becomes possible [ compensating reduction of the generating record magnetic field by 
the bird clapper narrowly ] by this, and the magnetic head suitable for truck record is realized. 

[0028] In the thin film magnetic head according to claim 1, 2, or 3, t and nose-oFcam width of 
face perpendicular to this thickness t are set to W for the thickness of the aforementioned point 
in a ABS side. By the thin film magnetic head according to claim 7, it is t>3W by t>W and the thin 
film magnetic head according to claim 8. The shape anisotropy according that it is t>W to the 
difference of an anti-magnetic field inside the magnetic substance is formed in the direction of 
thickness, for forming the easy axis by this shape anisotropy in the direction of thickness — an 
in thorin — when a chic magnetic anisotropy and the distortion induced anisotropy by stress, 
such as a pole height lap, are taken into consideration, it is desirable that it is t>3W 
[0029] 

[Embodiments of the Invention] Hereafter, the operation gestalt which starts this invention using 
a drawing is explained. However, in a complete diagram, it supposes that the same sign is given 



to the same portion, and this omits duplication explanation. 

[0030] Drawing 1 and drawing 2 show the first operation gestalt (basic composition) of the thin 
film magnetic head concerning this invention, and W line drawing of longitudinal section [ in / 
drawing 2 / in drawing 1 ] and drawing 2 are the perspective diagrams which omitted the part. 
Hereafter, it explains based on these drawings. 

[0031] The laminating of the common pole layer 12 and the light gap layer 84 which serve both 
as the lead gap layer 80 and upper shield layer to which the thin film magnetic head 10 of this 
operation gestalt pinched the lower shield layer 74 on the insulating substrate 72, and pinched 
the MR magnetosensitive element 78 to the ABS side 76, and a lower pole layer is carried out to 
this order. On the light gap layer 84 except about 76 ABS side, they are the first-stage 
difference dissolution layer 86 and the thing which reaches coil pattern layer 88, and the 
laminating of the second level difference dissolution layer 90 is carried out to this order, and 
reaches on the about 76 ABS side light gap layer 84 and which comes to carry out the 
laminating of the upper pole layer 14 on the second level difference dissolution layer 90. And a 
crevice 16 is established in the common pole layer 12 of the position distant from the ABS side 
76, a crevice 16 is filled up with non-magnetic material 18, and depth-of-gap D between the 
upper pole layer 14 and the common pole layer 12 is specified by the crevice 16. Depth-oFgap 
D is shown in drawing 1 , and the nose-oFcam width of face W is shown in drawing 2 , 
respectively. 

[0032] MR reproducing head is constituted by the common pole layer 12 grade as the MR 
magnetosensitive element 78, the lower shield layer 74, the lead gap layer 80, and an upper 
shield layer. The inductive recording head is constituted by the common pole layer 12 as a lower 
pole layer, the light gap layer 84, the first-stage difference dissolution layer 86, the coil pattern 
layer 88, the second level difference dissolution layer 90, and the upper pole layer 14 grade. The 
common pole layer 12 consists of a lower common pole layer 121 and an upper common pole 
layer 122, and a part of common pole layer 122 penetrates, and it serves as a crevice 16. The 
upper pole layer 14 consists of a point 141 which faces the ABS side 76, and the yoke section 
142 linked to a point 141. A point 141 and the yoke section 142 are connected through the 
connection 143. In the crevice 16, the non-magnetic material 18 which consists of a resist is 
embedded evenly. The front face of the common pole layer 122 and the front face of non- 
magnetic material 1 8 are flat-tapped. The high Bs material whose saturation magnetic flux 
density (Bs) is 1. 4-2.1 T is used for the point 141 and the common pole layer 12. 
[0033] Depth-of-gap D is prescribed by the distance from the ABS side 76 to the deep pool of a 
crevice 16 rather than is prescribed by the distance from the ABS side 76 to the nose of cam of 
the first-stage difference dissolution layer 86. A crevice 1 6 is formed in the common pole layer 
12 as a flat lower pole layer. Therefore, especially a trouble is not produced with the 
photolithography technology which forms a crevice 16. Moreover, since the resist frame pattern 
(not shown) for forming a point 141 can reach first-stage difference dissolution layer 86 and the 
second level difference dissolution layer 90 can fully be separated from the ABS side 76, 
thickness does not become large, or it does not become exaggerated exposure, and a highly 
precise truck pattern is obtained. 

[0034] Easy-axis 12A of the common pole layer 12 is substantially perpendicular to the signal 
magnetic field 110. Easy-axis 141A of a point 141 is substantially parallel to the direction of 
thickness (that is, perpendicular to a magnetic-film side). Easy-axis 142A of the yoke section 
142 is perpendicular to the signal magnetic field 1 10 in a magnetic-film side. The thickness t of a 
point 141 and the nose-of-cam width of face W are the relation of t>W. 
[0035] Drawing 3 or drawing 5 is the cross section showing an example of the manufacture 
method of the thin film magnetic head of drawing 1 . This cross section is cut like drawing 1 in 
the recording track width-oMace core of the thin film magnetic head. Hereafter, based on this 
drawing, the manufacture method of the thin film magnetic head of drawing 1 is explained. 
[0036] Process (a) — drawing 3 (a) It is aluminum 203 to the aluminum2 03-TiC ceramic 
substrate used as slider material first. On the insulating substrate 72 which prepared the 
insulating layer, a NiFe ground film (not shown) is formed with plating. Then, a resist pattern 
predetermined at an exposure development process is formed, and the lower shield layer 74 



which consists of a NiFe plating film of 2 micrometers of thickness is formed with plating. During 

this plating membrane formation, the anisotropy grant magnetic field 20 is beforehand impressed * 

by the intensity of about 100 Oe so that the easy axis of the lower shield layer 74 may become 

perpendicular to a signal magnetic field within a film surface. Then, a resist frame is removed by 

the organic solvent and a NiFe ground film is removed by the dry etching method. Hereafter, 

since the process of membrane formation of the plating ground accompanying frame plating, 

removal, and resist removal is the same as this anywhere, the explanation is omitted, then, 

aluminum 203 of 100nm of thickness from — the bottom section of the becoming lead gap layer 

80 is formed by the spatter, and the MR magnetosensitive element 78 which detects a signal 

magnetic field from a magnetic storage medium is formed In addition, the MR magnetosensitive 

element 78 is a software AJIEI cent layer MR element which consists of three layer structures 

of CoZrMo (20nm) / Ta (15nm) / NiFe (20nm). furthermore, aluminum 203 of 80nm of thickness 

from — the top section of the becoming lead gap layer 80 is formed by the spatter 

[0037] Process (b) — The resist frame pattern of the common pole layer 121 of the drawing 3 

(b) bottom is formed at an exposure development process, and the common pole layer 121 which 

consists of a NiFe plating film of 1 micrometer of thickness is formed with frame plating. Also 

during this plating membrane formation, it is a process (a). The same anisotropy grant magnetic 

field 20 is impressed. 

[0038] Process (c) — In order [ which specifies drawing 3 (c) depth-of-gap D ] to form the 
rectangle-like crevice 1 6 superficially, a rectangular resist pattern is formed at an exposure 
development process, and the upper common pole layer 122 which consists of a NiFe plating film 
of 1.5 micrometers of thickness is formed with plating. Also during this plating membrane 
formation, it is a process (a). The same anisotropy grant magnetic field 20 is impressed. A 
crevice 16 is formed by removing a rectangular resist pattern after a plating end. 
[0039] Process (d) — In order to embed the non-magnetic material 1 8 which becomes the 
portion of the drawing 4 (d) crevice 16 from a resist, the resist pattern of 1.5 times as much 
thickness as the common pole layer 1 22 is formed at an exposure development process. Then, a 
resist is softened using oven or a hot plate with 100-120 degrees G and heat treatment for 30 
minutes, and this embeds the crevice 1 6 interior by the resist Then, it is made to heat-harden in 
further 250-270 degrees C and 30 minutes. At this time, the upper part of the common pole 
layer 1 22 and the upper part of a resist become flatness mostly. 

[0040] Process (e) — aluminum 203 of 350nm of drawing 4 (e) thickness The light gap layer 84 
is formed by forming a film by the spatter. 

[0041] Process (f) — 4 micrometers of drawing 4 (f) thickness, and the width of recording track 
1.2 (nose-of-cam width of face W) In order to realize the upper pole layer 14 of mum, the point 
141 which consists of a NiFe plating film is formed with frame plating. During this plating 
membrane formation, the easy axis of a point 141 is formed at right angles to a film surface by 
carrying out about 500 Oe impression of the anisotropy grant magnetic field 22 perpendicular to 
a film surface. 

[0042] Process (g) — A resist pattern is formed for the first-stage difference dissolution layer 
86 of thickness almost equal to the thickness of the draw ing 5 (g) point 141 at an exposure 
development process. Then, a resist is softened in oven or a hot plate with 100-120 degrees C 
and heat treatment for 30 minutes, and the first-stage difference dissolution layer 86 is formed 
by making a resist heat-harden in further 250-270 degrees C and 30 minutes. 
[0043] Process (h) — drawing 5 (h) After forming the resist pattern of a predetermined 
configuration at an exposure development process, the coil pattern 88 which consists of a Cu 
plating film of 3 micrometers of thickness is formed with plating. 

[0044] Process (i) — By forming the drawing 5 (i) resist pattern in a configuration predetermined 
at an exposure development process, it forms second level difference dissolution layer 90. Then, 
a resist is softened in oven or a hot plate with 100-120 degrees C and heat treatment for 30 
minutes, and a resist is made to heat-harden in further 250-270 degrees C and 60 minutes. 
[0045] Process 0) — The resist frame pattern which forms the yoke section 142 is formed at an 
exposure development process so that the yoke section 142 may lap with the connection 143 
behind the drawing 1 point 141. Then, the yoke section 142 which consists of a NiFe film of 3 



micrometers of thickness equal to a point 141 is formed with frame plating. During this plating 
membrane formation, it is a process (a). The same anisotropy grant magnetic field 20 is 
impressed. 

[0046] Drawing 6 is explanatory drawing showing the magnetic-domain structure of the thin film 
magnetic head 10, and, for drawing 6 [1], a plan and drawing 6 [2] are [ front view and drawing 6 
[3] ] side elevations. Hereafter, based on this drawing, operation of the thin film magnetic head 
10 is explained. 

[0047] Easy-axis 141 A of a point 141 and the signal magnetic field 110 are shown in drawing 6 
[3], As shown in drawing 6 [1], the yoke section 142 shows magnetic-domain structure 
equivalent to the conventional thin film magnetic head. On the other hand, since the point 141 
has the direction perpendicular to a film surface of the magnetic anisotropy, it has magnetic- 
domain structure with magnetization direction 141 B perpendicular to a film surface. If the signal 
magnetic field 1 10 is impressed to the upper pole layer 14 with such magnetic-domain structure, 
magnetization direction 141 B of a point 141 will become the rotation magnetization mode which 
showed change of the magnetization in drawin g 1 2 [1] since it was perpendicular to the signal 
magnetic field 110. 

[0048] In addition, the above explanation has described the impression magnetic field from the 
outside to the example as a signal magnetic field. However, at the time of record by the actual 
thin film magnetic head 10, the magnetic field (excitation magnetic field) impressed to the upper 
pole layer 14 is generated by the current which flows in the coil pattern layer 88. Although it is 
needless to say, the magnetization response of a point 141 to an excitation magnetic field is 
equivalent to the magnetization response by the signal magnetic field from the outside. 
[0049] Dra wing 7 is the plan in which omitting a part and showing the second operation gestalt 
(crevice corner configuration) of the thin film magnetic head concerning this invention. Hereafter, 
it explains based on this drawing. 

[0050] In the process shown by drawing 3 (c), the horizontal cross-section configuration of the 
crevice 16 established in the common pole layer 122 is a rectangle. On the other hand, the 
crevice 161 in this operation gestalt is narrow as are shown in drawing 8 and the configuration of 
the deep pool by the side of the ABS side 76 of a crevice 161 approaches the ABS side 76. 
Thereby, magnetic reluctance can be lowered. At this time, connection 143a is made smaller 
than the appearance of a crevice 161. Thereby, since the leakage of magnetic flux can be 
restricted, an inductive recording head with sufficient magnetic-recording efficiency is obtained. 
[0051] Drawing 8 is the plan in which omitting a part and showing the third operation gestalt 
(crevice round shape) of the thin film magnetic head concerning this invention. Hereafter, it 
explains based on this drawing. 

[0052] As the crevice 162 in this operation gestalt is shown in drawing 9 , the horizontal cross- 
section configuration is a round shape mostly. Thereby, magnetic reluctance can be lowered 
further. At this time, connection 143b is taken as a round shape smaller than the appearance of 
a crevice 1 62. Thereby, since the leakage of magnetic flux can be restricted, an inductive 
recording head with sufficient magnetic-recording efficiency is obtained. 
[0053] It is the plan in which drawing 9's showing the fourth operation gestalt (a connection or 
###*##) of the thin film magnetic head concerning this invention, and the front view omitting and 
showing a part, X-X line drawing of longitudinal section [ in / drawing 9 (a) / in drawing 9 (b) ], 
and drawing 9 (c) omitting a part, and showing drawing 9 (a). Hereafter, it explains based on 
these drawings. 

[0054] Yoke section 142a is connected to the point 141 through Connections 143c and 143d. 
Connection 143c is the upper surface of a point 141, and 143d of connections is the both-sides 
side of a point 141. That is, yoke section 142a covers the periphery of a point 141, and also 
touches the light gap layer 84. According to this operation gestalt, since the touch area in a 
connection is large, the magnetic reluctance in a connection can be lowered. Moreover, there is 
sufficient margin to the connection precision which connects yoke section 142a and a point 141. 
Moreover, since the configuration of a portion of specifying the width of recording track of a 
point 141 also by the case of such a configuration does not change, it is not influenced by the 
configuration the magnetic-domain structure of whose is Connections 143c and 143d. 



[0055] Drawing 10 is the outline block diagram showing 1 operation gestalt of the magnetic 
storage using the thin film magnetic head concerning this invention. Hereafter, it explains based 
on this drawing. 

[0056] The magnetic storage 30 of this operation gestalt is constituted by the control-section 
38 grade which operates based on instructions of a shell to the spindle motor 34 which rotates 
the thin film magnetic head 10 of the first operation gestalt the magnetic storage medium 32, 
and the magnetic storage medium 32, the voice coil motor 36 to which the thin film magnetic 
head 10 is moved on the magnetic storage medium 32, and the high order equipment which is not 
illustrated. A control section 38 performs record and reproduction of data to the magnetic 
storage medium 32 by the thin film magnetic head 10 while driving a spindle motor 34 and a voice 
coil motor 36. 

[0057] Since the thin film magnetic head 10 is used for the magnetic recording medium of this 
operation form, recording track width of face is 1 .2 micrometers or less. Recording density 
realizable by this width of recording track is 4G bit / (inch) 2. It is above. Therefore, if a 3.5 inch 
phi disk is used, the magnetic recording medium which has 5 G bytes or more per sheet of high 
recording density can provide easily. 

[0058] In addition, this invention cannot be overemphasized and is not limited to the above- 
mentioned operation form. For example, the thin film magnetic head which consists only not only 
of the thin film magnetic head of MR and an inductive compound die but of an inductive mold, 
the compound-die thin film magnetic head of the reproducing heads other than MR type and the 
recording head of an inductive mold, etc. are sufficient as the thin film magnetic head concerning 
this invention. Moreover, as a lower shield layer, spatter films, such as not only the plating film of 
NiFe but FeAISi, CoZrTa, FeTaN, etc., are sufficient. 
[0059] 

[Effect of the Invention] Since the magnetization direction of a point can be made perpendicular 
to a signal magnetic field by having made in agreement the easy axis of the point of the upper 
pole layer in a ABS side in the direction of thickness of a point according to the thin film 
magnetic head concerning this invention, the magnetic field / magnetization arrangement in 
magnetization rotation mode are realizable. Therefore, since the magnetic field / magnetization 
arrangement of the magnetic-domain-wall move mode produced when a ** truck is formed with 
the conventional technology are avoidable, the RF property of the excitation magnetic field 
response at the time of forming a truck can be improved. 

[0060] Moreover, a crevice is established in the lower pole layer or common pole layer of a 
position which is distant from a ABS side, this crevice is filled up with non-magnetic material, 
and when the depth of gap is specified by this crevice, the depth of gap is not prescribed by the 
distance from a ABS side to the nose of cam of a first-stage difference dissolution layer. 
Therefore, since a first-stage difference dissolution layer can fully be separated from a ABS 
side, thickness does not become large with level differences, such as a first-stage difference 
dissolution layer, or the resist frame pattern for forming the point of an upper pole layer does 
not become exaggerated exposure by the reflected lights, such as a first-stage difference 
dissolution layer. Therefore, since the depth of gap and nose-of^cam width of face can be made 
detailed with a sufficient precision, ** truck-ization can be attained easily. For example, with the 
conventional technology, it is 1 .7 by g line exposure of Hg. mum The limitation formed the width 
of recording track. On the other hand, at this invention, it is 1.2. mum The width of recording 
track can be formed easily. It is 0.8 when the reduction projection exposure method by i line of 
Hg is applied to this invention, mum Formation of the following submicron ** truck record pole 
points is attained. 



[Translation done.] 



